Introduction: Lobectomy is the standard curative treatment for non-small cell carcinoma (NSCLC) of the lung. Most studies on lobectomy have focused on short-term outcome and 30-day mortality. The aim of this study was to determine both short-term and long-term surgical outcome in all patients who underwent lobectomy for NSCLC in Iceland over a 24-year period. Material and methods: The study involved 489 consecutive patients with NSCLC who underwent lobectomy with curative intent in Iceland, 1991Iceland, -2014. Patient demographics, pTNM stage, rate of perioperative complications, and 30-day mortality were registered. Overall survival was analyzed with the Kaplan-Meier method. The Cox proportional hazards model was used to evaluate factors that were prognostic of overall mortality. To study trends in survival, the study period was divided into six 4-year periods. The median follow-up time was 42 months and no patients were lost to follow-up. Results: The average age of the patients was 67 years and 53.8% were female. The pTNM disease stage was IA in 148 patients (30.0%), IB in 125 patients (25.4%), IIA in 96 patients (19.5%), and IIB in 50 patients (10.1%), but 74 (15.0%) were found to be stage IIIA, most often diagnosed perioperatively. The total rate of major complications was 4.7%. Thirty-day mortality was 0.6% (three patients). One-and 5-year overall survival was 85.0% and 49.2%, respectively, with 3-year survival improving from 48.3% to 72.8% between the periods 1991-1994 and 2011-2014 (p ¼ .0004). Advanced TNM stage and age were independent negative prognostic factors for all-cause mortality, and later calendar year and free surgical margins were independent predictors of improved survival. Conclusions: The short-term outcome of lobectomy for NSCLC in this population-based study was excellent, as reflected in the low 30-day mortality and low rate of major complications. The long-term survival was acceptable and the overall 3-year survival had improved significantly during the study period.
Introduction
Lung cancer (LC) is the leading cause of cancer-related deaths in the western world, including Iceland [1, 2] , accounting for around 26% of cancer-related deaths globally [1] . In Europe and North America, non-small cell lung carcinoma (NSCLC) accounts for around 80% of LC [3] , where surgical resection is the only well-defined and well-studied curative treatment [4] . Pulmonary resection is indicated for patients with localized or regional disease, which currently applies to almost one-third of all patients diagnosed with NSCLC in Iceland [2] . Five-year survival for resected patients is reported to range from 40% to 70%, depending mostly on the TNM stage at diagnosis [5, 6] , as compared to less than 5% for non-resected patients with metastasized disease [6] . Thus, resection should be offered to all patients where surgery is indicated; that is, for patients at stages I and II [4] and in selected patients who are diagnosed at stage IIIA [7] .
Lobectomy is considered the gold standard of treatment for NSCLC [4] , as numerous studies have shown that lobectomy has better outcome than sublobar resections with regard to both recurrence of cancer and long-term survival [8, 9] . Until recently, segmentectomy and wedge resection have been used when pulmonary function or other comorbidities pose a high operative risk. However, the use of segmentectomy has recently been recommended for small peripheral stage I NSCLCs instead of lobectomy [10, 11] , as outcomes are comparable to those after lobectomy. On the other hand, pneumonectomy is still reserved for more extensive disease, as the surgical morbidity and mortality are higher than for lobectomy or sublobar resections [7] .
Most studies on pulmonary resections for NSCLC -and especially lobectomy -have focused more on short-term outcome than on long-term survival [12, 13] . These studies have usually been based on single tertiary-care centers, with the risk of selection bias. With lobectomy being the most common surgical procedure for NSCLC and regarded as the gold standard for curative treatment of NSCLC, this is a subgroup that is important to focus on and report their outcome.
We performed a whole-nation study in Iceland, taking advantage of centralized population-based registries on the diagnosis and treatment of NSCLC, with complete long-term survival data. The main aim was to investigate both shortterm and long-term outcome in NSCLC patients who underwent lobectomy in Iceland over a 24-year period, concentrating especially on 30-day and long-term survival.
Material and methods
This was a retrospective study of all patients who underwent lobectomy for primary NSCLC with curative intent in Iceland from January 1, 1991 until December 31, 2014. We excluded patients who underwent exploratory thoracotomy, exploratory video-assisted thoracoscopic surgery (VATS), pulmonary metastasectomy, palliative procedure, or resection for biopsy only. This also applied to patients with advanced disease who underwent resection without curative intent. Patients were also excluded when the postoperative pathological diagnosis showed only carcinoma in situ or one of the following: adenoid cystic carcinoma, mucoepidermoid carcinoma, carcinoid, or sarcoma. Finally, 17 patients who were at stage IV, including those with solitary metastasis to the brain or one adrenal gland at diagnosis, were excluded.
Cases were identified from a centralized database covering all the surgical specimens of LC (in Iceland) at the Department of Pathology, Landspitali University Hospital in Reykjavik. Cases identified were cross-matched with two other independent databases: a diagnosis registry and an operation registry at Landspitali University Hospital. This was done to minimize the risk of missing cases that were operated for NSCLC.
During the study period, 2556 patients were diagnosed with NSCLC in Iceland. Of them, 653 cases were surgical candidates, evaluated to tolerate a pulmonary resection. In 493 cases (75.5%), a lobectomy was performed. This included 11 patients (2.2%) who underwent lobectomy and an ipsilateral sublobar resection during the same operation and four patients (0.8%) who had a bilobectomy. The other surgical resections for NSCLC were 83 sublobar resections (wedge or segment resections; 12.7%) and 77 pneumonectomies (11.8%).
Medical records and surgical reports were reviewed and variables were registered using a standard data sheet. For each patient, over 80 different variables were collected. These included the following: age, gender, smoking habits, comorbidity (e.g., chronic obstructive pulmonary disease (COPD), ischemic heart disease (IHD), and arrhythmias), pulmonary function test results (forced expiratory volume in 1 s (FEV1), forced vital capacity (FVC), and FEV1/FVC), details of the operation, length of stay in the intensive care unit (ICU), in-hospital stay in days, pTNM stage, postoperative complications, and American Society of Anesthesiology (ASA) score, and also date and cause of death in patients who died during the follow-up period.
Preoperatively, a multidisciplinary tumor board including thoracic surgeons, pulmonologists, oncologists, radiologists, and pathologists reviewed the cases. The preoperative workup varied between patients but usually included a chest radiograph (CXR) and computed tomography (CT) of the chest, abdomen, and head in addition to bone scintigraphy and pulmonary function tests. Positron emission tomography (PET) scan was not available in Iceland during the study period, but it was done in selected cases at Rigshospitalet, Copenhagen, Denmark. Tumor biopsies were obtained through bronchoscopy or transthoracic CT-guided needle biopsy. Mediastinoscopy was done routinely since 2005 and endoscopic bronchial ultrasound (EBUS) with transbronchial needle aspiration biopsies was performed in a proportion of cases since 2013. The seventh edition of the TNM staging system was used to stage patients postoperatively (pTNM). Detailed clinical TNM (cTNM) staging was not adequately registered for all patients, so only pathological staging (pTNM) is presented in this study.
Landspitali University Hospital is the only hospital in Iceland in which cardiothoracic surgery is performed, and this study was therefore done on a nationwide basis. All the surgical procedures were performed by nine surgeons, one of whom performed the vast majority of them in the last decade. All the patients had epidural placed for postoperative analgesia and general anesthesia with double lumen endotracheal tube for lung isolation. Posterolateral thoracotomy was the method used during more than half of the study period, but during the last 10 years, an anterolateral approach was the preferred method. During the study period, video-assisted thoracoscopic surgery (VATS) was not used for lobectomies but it was used for selected wedge resections and segmentectomies. The lobectomies were standardized with intraoperative lymphadenectomy of enlarged hilar or ipsilateral mediastinal lymph nodes, and from 2005 with routine ipsilateral mediastinal lymphadenectomy according to the ESTS guidelines [14, 15] .
Ex-smokers were defined as patients who had stopped smoking more than 5 years before surgery, and never-smokers were defined as patients who had smoked less than 100 cigarettes in their lifetime. Surgical complications were divided into major and minor complications. Major complications were defined as: bronchopleural fistula (BPF), myocardial infarction (MI), adult respiratory distress syndrome (ARDS), reoperation for postoperative bleeding, congestive heart failure (CHF), and empyema with or without reoperation. Minor complications were defined as: new-onset atrial fibrillation, postoperative pneumonia, recurrent nerve paralysis, wound infection, air leakage over 7 days, and intraoperative bleeding of >1 L (without reoperation). Operative mortality was defined as death within 30 days of surgery, but hospital mortality and 90-day mortality were also registered. Patients were assigned a date of death or identified as living on September 1, 2016, using data from the Icelandic National Population Registry. Median follow-up time was 42 months (mean 62.6 months, range: 1-279).
To investigate trends in survival, the 24-year study period was divided up into six 4-year periods.
Statistics
Microsoft Excel 2010 was used for descriptive statistics and R version 3.1.3 (Wien, Austria) was used for survival analysis.
Student's t-test and ANOVA were used to compare continuous variables between groups of two or more, following use of the Kolmogorov-Smirnov test (KS test) for assessment of normality of the data. Chi-square test was used to compare categorical variables and Fisher's exact test was used if the values had an expected frequency of 10 or less. Differences were considered to be significant when the p value was less than 0.05. The Kaplan-Meier method was used to calculate overall survival (OS) and log-rank test was used to compare survival between groups. In order to identify factors that were prognostic of long-term survival, the Cox proportional-hazards model was used. Factors that had a p value of less than 0.1 in univariate analysis were used in the preliminary model along with factors that have been shown to be significant in other studies. A subset of variables was chosen for inclusion in the final model, using a stepwise selection procedure. To check our assumption of proportionality, a global goodness-of-fit test was done together with graphic plotting of variables.
The study was approved by the Icelandic National Bioethics Committee (reference number: 98-060-CM) and the Data Protection Authority (reference number: 2001011025SJ/ eb). As individual patients were not identified, the need for individual consent was waived.
Results
Patient demographics and cardiovascular risk factors are shown in Table 1 . Of the 493 lobectomies for NSCLC, 265 (53.8%) were performed on female patients. The mean age was 67 ± 9.5 years, and similar for both genders (p ¼ .81). More women had smoked within 5 years of surgery (p ¼ .0007), but more men had a history of ischemic heart disease (p < .0001). More women had adenocarcinoma histology: 74.3% as compared to 59.6% in men (p ¼ .0004). On the other hand, no statistically significant gender differences were found for history of COPD, arrhythmias, preoperative FEV1 < 75%, or ASA score. Altogether, 184 patients (37.3%) were diagnosed incidentally, most often due to diseases or symptoms unrelated to NSCLC that had resulted in a chest Xray or CT-scan. In the other 309 cases, the patients had symptoms of LC, and cough (36.3%), dyspnea (23.1%), chest pain (17.2%), pneumonia (17.4%), and/or weight loss (15.8%) were the most common symptoms. Other symptoms such as fever (11.4%) and hemoptysis (7.3%) were less common.
The mean operative time was 136 min (range: 30-395 min) and median hospital stay was 9 days (range: 2-144 days). The most common histological types were adenocarcinoma (65.3%) and squamous cell carcinoma (25.8%), but large-cell and adenosquamous carcinomas were less common (5.9% and 3.0%, respectively). In 460 of the cases (93.3%), the patients had cancer-free surgical margins; the remaining 33 patients had microscopic disease at the resection margins (positive margins). The mean size of the tumors was 3.6 ± 2.3 cm, ranging from 0.2 to 19.5 cm.
Postoperative TNM staging is shown in Both minor and major complications are listed in Table 1 , but some patients had several major and/or minor complications. In 104 cases (21.1%), the patient suffered one or more complications, with 23 patients (4.7%) having at least one major complication and 81 patients (16.4%) having at least one minor complication. The most common complication was persistent chest tube air leakage for more than 7 days (17.2%), followed by pneumonia (8.1%) and intraoperative bleeding exceeding 1 L (7.1%). The 30-day mortality was 0.6% (three patients), hospital mortality was 1.2% (six patients), and 90-day mortality was 1.4% (seven patients). Two of the three patients who did not survive for 30 days died on postoperative day 11 -one from pneumonia, sepsis, and hypotension and the other from cardiogenic shock related to myocardial infarction. The third patient had respiratory failure due to pneumonia that required a tracheostomy and ventilator therapy, but eventually died on postoperative day 23. Patients who died in hospital after postoperative day 30 usually died of respiratory failure, but they all had compromised pulmonary function preoperatively.
OS for all patients is plotted in Figure 1 , with the Kaplan-Meier graph showing 85.0%, 60.9%, and 49.2% of the patients being alive at 1, 3, and 5 years postoperatively. Figure 2 shows the OS in different 4-year time periods. CSS is shown in Figure 3 and was estimated to be 85.9%, 63.8%, and 54.6% at 1, 3, and 5 years, respectively. Both OS and CSS improved significantly during the study period, with 3-year OS increasing from 48.3% in [1991] [1992] [1993] [1994] Table 3 ), later calendar year turned out to be a significant protective factor regarding mortality, with an HR of 0.88 per year (95% CI: 0.82-0.94; p ¼ .0003). Furthermore, a cancer-free surgical margin was also found to be an independent factor prognostic of lower mortality .4) 17 (25.4) 15 (22.4) 11 (16.4) 11 (16.4) 67 (100) 58  45  38  28  25  22  59  46  40  36  32  29  67  52  44  32  30  26  88  77  65  54  49  45  94  82  69  59  52  45  127  117  96  62 58  45  38  28  25  22  59  46  40  36  32  29  67  52  44  32  30  26  88  77  65  54  49  45  94  82  69  59  52  45  127  117  96  62 (HR ¼ 0.44, 95% CI: 0.30-0.65; p < .0001). The patients who did not have free surgical margins usually received adjuvant chemotherapy, and were not reoperated or did not receive adjuvant radiation.
Discussion
In this whole-nation study, we investigated both short-term and long-term outcome after lobectomy for NSCLC over a 24-year period in a well-defined cohort of Icelandic patients. The 30-day mortality was very low -only 0.6% -with almost every second patient (49.2%) surviving for at least 5 years. Furthermore, the 3-year OS improved significantly with time: from 48.3% in 1991-1994 to 72.8% in 2011-2014 (p ¼ .0004). The explanation for the significant increase in OS seen during the last 4-year period is probably multifactorial. However, one of the main influential factors may have been the increased ratio of patients with stage IA disease, which rose from 25.9% to 39.4% between the periods 1991-1994 and 2011-2014 (p ¼ .03). The reason for this increase in earlystage NSCLC is unclear, but in Iceland, no screening for lung cancer has been implemented and our analysis did not show that the proportion of tumors that were diagnosed incidentally had increased significantly during the study period (p ¼ .47). The increase in early-stage NSCLC is more likely explained by improved imaging techniques and more thorough postoperative follow-up, as well as increased public awareness. When we corrected for stage and higher age in the multivariate analysis, later calendar year was found to be an independent factor of increased survival. The improved outcome therefore appears to be influenced by factors other than stage and incidental diagnosis. Thirty-day mortality, a surrogate marker for surgical technique, perioperative care, and postoperative complications, remained very low during the 24-year study period (p ¼ .23) and does not therefore explain improved survival. The minor and major complication rate stayed constant during the study period (p ¼ .70 and p ¼ .46, respectively). The fact that nine surgeons performed the surgical procedures and one of them performed the vast majority in the last decade could have had an effect on short-term outcomes, such as complications and length of stay. Other possible factors, such as improved diagnostic work-up with increased use of CT scans may have contributed as well as more thorough preoperative staging with mediastinoscopies performed routinely since 2005. This, along with increased use of adjuvant chemotherapy, may also have contributed. Our findings are in line with a recent Norwegian study where similar findings regarding survival to those in the present study were reported for NSCLC patients [16] . Unfortunately, we did not have detailed information on the use of adjuvant chemotherapy in our patients, but it has been offered to most stage II and IIIA patients since 2003. Thus, the direct effect of adjuvant chemotherapy could not be analyzed.
The factors that were prognostic of mortality in the present study were advanced pTNM stage (HR ¼ 3.62 for stage IIIA vs. stage IA, 95% CI: 2.56-5.14; p < .0001), positive surgical margins, advanced age, and calendar year of treatment (time period). TNM stage, advanced age, and positive surgical margins have all been reported previously to be negative prognostic factors in other studies [5, 6, 17] . To our knowledge, however, only very few studies have reported improved survival according to calendar year. The most important is the study by Morgant et al. [18] , which found better survival in lobectomy patients from 2005 to 2012 in France, and a Norwegian study by Nilssen et al. [16] , which found a gain in 5-year survival from 47% in the period 1997-2003 to 62.6% in 2004-2011, in all resected NSCLC patients. Furthermore, in recent unpublished studies (presented as abstracts) based on the SEER (Surveillance, Epidemiology, and End Results) database, improved survival was reported for patients with stage-II adenocarcinoma and squamous cell carcinoma from 1988 until 2013 [19, 20] .
Other factors reported to be prognostic of increased mortality in the literature are a history of weight loss and positive tumor markers (i.e., KRAS, EGFR, etc.) [17] . In our retrospective study, weight loss was not a prognostic factor regarding survival and tumor markers were not routinely measured until the later part of the study.
The fact that OS for the whole patient cohort was found to be around 50% at 5 years underscores the fact that many of the patients who undergo lobectomy -even patients with localized stage I disease -later die from spread of NSCLC, a recurrent disease, or other smoking-related diseases such as ischemic heart disease or COPD. In comparable studies, the OS at 5 years usually lies between 40% and 70% [9, 21] . The OS found in the present study is therefore in line with other reports. In the study by Morgant et al. [18] , which included all pulmonary resections for NSCLC in France operated between 2005 and 2012, the 3-year survival for lobectomy patients was 82%, as compared to 71% in the present study. However, the French study also included non-malignant carcinoid tumors (with typical histology) and other benign tumors in 10% of cases, where the prognosis is very favorable [22] compared to other histological types of NSCLC - which all the patients in the present study were diagnosed with. In the present study, 15% of the patients had stage IIIA disease that was usually detected postoperatively after the finding of positive ipsilateral microscopic mediastinal lymph node sampled at surgery, or a T4 tumor that had invaded the mediastinum. In a more recent study -by Dickhoff et al. [13] -the 4-year survival following lobectomy ranged from 27% to 51% in the period 2010-2013. This wide difference in survival was based on different induction therapies, and is in line with our 4-year survival of 27.2% over the whole period, which had improved to 41% in the period 2011-2014. During the last period, adjuvant chemotherapy was offered to all patients at stage IIIA, as recommended by the European Society for Medical Oncology (ESMO) guidelines [7] . The 3-year survival for stages II and IIIA together was 49% in the present study, as compared to 56.6% in a newly published study by Park et al. [23] , where all the patients received induction therapy. In our study, very few of the patients had induction therapy.
Compared to other reports, the overall rate of complications was relatively low in the present study (21.1%), with the complications usually being classified as minor (16.4%). Furthermore, the overall rate of major complications was only 4.7%, which also contributed to the very low 30-day mortality (only 0.6%; three patients). For comparison, other studies have reported an overall rate of complications in the 19.1-58.2% range, [24] [25] [26] and the 30-day mortality has most often been between 1% and 2.5%. However, 30-day mortality up to 4.1% has also been reported in the literature [24, 26, 27] . In the study by Irie et al., a lower 30-day mortality than ours was reported (0.5%), and there was an overall complication rate of 19.1% [24] . However, that study only involved 188 patients who were operated at a single center over a 7-year period, with all of them being at cTNM stage I and being operated with VATS technique. The present study, however, covered 24 years with patients at stages I-IIIA, with all of them operated with open thoracotomy.
The most common complication in the present study was prolonged air leakage (17% of cases) -with a range of 9.6-24% in other comparable studies [24, 28] . This difference could possibly be explained by different definitions of prolonged air leakage or different management of chest tubes between centers. Other postoperative complications in the present study were also in line with previous reports, such as pneumonia, new-onset atrial fibrillation, and perioperative myocardial infarction [24, 29] .
The major limitation of our study is its retrospective design, with the drawbacks that this can entail, such as the lack of information on symptoms, the lack of information on clinical staging, and the lack of documentation on complications. During the study period, PET scan was not available in Iceland and mediastinoscopy was only routinely used for staging of mediastinal lymph nodes during the later half of the study period. The main strength of the study, however, is the fact that the patient cohort consisted of patients representing a whole population, with all the patients being operated at a single center, reducing the risk of selection bias and institutional bias. Our single-center nationwide approach therefore eliminated referral bias and made identification of risk profiles more reliable.
Conclusions
According to this population-based study, the short-term outcome of lobectomy for NSCLC is excellent in Iceland, as reflected by a low rate of complications and a 30-day mortality of only 0.6%. Long-term overall survival, with every second patient surviving 5 or more years after surgery, was acceptable and comparable to that in other studies. Importantly, the survival improved over the 24-year study period. The explanation for this gain in survival is not obvious, but it is most likely explained by the combination of improvements in staging, postoperative care, surgical technique, and adjuvant chemotherapy for stage II/IIIA patients.
